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Specification 

(54) [Title of the Invention] Retracting-Lens-Barrel 
Assembly 

(57) [Abstract] 

[Object] To provide a retracting lens barrel ttiat performs 
smootli retraction. 

[Solving means] A retracting-lens-barrel assembly having' a 
retraction zone outside an imaging zone and provided with 
groups (31 and 51) of lenses movable in an optical-axis 
direction; a rotating barrel (20) rotatable about the 
optical axis; and rotation/linear-movement conversion 
mechanisms (23, 32, 63, and 71, and 24, 52, 63, and 81) for 
converting the rotation of the rotating barrel into the 
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movement of the groups of lenses in the optical-axis 
direction includes releasing mechanisms (23b and 24d) for 
stopping the rotation/linear-movement conversion of the 
rotation/linear-movement conversion mechanisms and for 
releasing the groups of lenses from the rotation/linear- 
movement conversion mechanisms in the retraction zone, and 
support members (13 and 40) for supporting the groups of 
lenses when the . groups of lenses are released. 

[Claims] 

[Claim 1] A retracting-lens-barrel assembly having a 

retraction zone outside an imaging zone, provided with: 

a group of lenses movable in an optical-axis direction; 

a rotating barrel rotatable about the optical axis; and 

a rotation/linear-movement conversion mechanism for 

converting the rotation of the rotating barrel into the 

movement of the group of lenses in the optical-axis 

direction, 

the retracting-lens-barrel assembly characterized by 
comprising: 

a releasing mechanism for stopping the rotation/linear- 
movement conversion of the rotation/linear-movement 
conversion mechanism and for releasing the group of lenses 



- 2 - 



from the rotation/linear-movement conversion mechanism in 
the retraction zone; and 

a support member for supporting the group of lenses 
when the group of lenses is released. 

[Claim 2] A retracting-lens-barrel assembly provided with: 
a group of lenses movable in an optical-axis direction; 
a rotating barrel rotatable about the optical axis; and 
a rotation/linear-movement conversion mechanism having 
a cam pin provided at the outer surface of the group of 
lenses and a cam groove for determining the position of the 
group of lenses in the optical-axis direction by means of 
the cam pin, 

the retracting-lens-barrel assembly characterized by 
comprising: 

a releasing groove for retraction, provided for the 
rotating barrel and connecting to the cam groove outside the 
cam driving range of the cam groove, for releasing the Ccim 
pin from the engagement with the cam groove; and 

a support member for supporting the group of lenses 
when the cam pin is located at the releasing groove. 

[Claim 3] A retracting-lens-barrel assembly according to 
Claim 2, 

characterized in that the group of lenses comprises a 
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middle group of lenses and a rear group of lenses adjacent 
to each other in the front/rear direction, 

when the cam pin is located in the releasing groove, 
the support member for supporting the rear group of lenses 
in the optical-axis direction comprises an energizing member 
disposed between the middle group of lenses and the rear 
group of lenses and a linear-movement holding member for 
restricting the movement of the rear lens to only movement 
in the optical-axis direction, and 

the support member for supporting the middle group of 
lenses comprises the energizing member and a front-lens 
holding barrel located in front of the middle lens in the 
optical-axis direction and driven backward in the optical- 
axis direction by the rotating barrel in a state in which 
the barrel is retracted. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to retracting-lens-barrel assemblies, and more 
particularly, to a retracting-lens-barrel assembly improved 
for smooth retraction. 

[0002] 

[Related art] Conventionally, this type of retracting-lens- 
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barrel assembly performs retraction by driving a plurality 
of groups of lenses in an optical-axis direction by a cam 
mechanism, a helicoid mechanism, or a combination thereof. 
For example, in a zoom-lens barrel that is capable of 
retraction, a cam groove provided on a cam barrel for 
determining the zoom operation of groups of lenses extends 
backward in the optical-axis direction with an appropriate 
shape to determine the retraction operation of the groups of 
lenses. "Retraction" means to make the total length of an 
optical system shorter by moving groups of lenses backward 
along the optical axis from their positions in a normal 
imaging state, by shortening the distance (s) between the 
groups of lenses compared with the normal imaging state, or 
by a combination of these two operations. 

[0003] 

[Problems to be Solved by the Invention] However, the 
above-described conventional retracting-lens-barrel 
assemblies have a complicated structure as a whole because 
the number of imaging lenses has increased due to a rapid 
shift to higher magnification in recent years. As a result, 
the number of groups of lenses in the assemblies has 
increased, and therefore, the number of cam grooves that 
determine the movements of the groups of lenses has also 
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increased. The cam grooves on the cam barrels have 
different angles and shapes according to the characteristics 
of the groups of lenses whose movements are determined by 
the cam grooves. When the number of cam grooves increases 
as stated above, adjacent cam grooves may intersect with 
each other. In addition, when one cam groove determines 
both a zoom operation and retraction of the groups of lenses, 
the shape of such a cam groove needs to change sharply 
between an area where the zoom operation is determined and 
an area where the retraction is determined. For this reason, 
a large additional torque must be applied to the rotational 
movement of the cam barrel, thus preventing smooth 
retraction. 

[0004] 

[Means for Solving the Problem] To solve the above- 
described problems, an aspect of the present invention 
recited in Claim 1 specifies a retracting-lens-barrel 
assembly having a retraction zone outside an imaging zone 
and provided with groups (31 and 51) of lenses movable in an 
optical-axis direction; a rotating barrel (20) rotatable 
about the .optical axis; and rotation/ linear-movement 
conversion mechanisms (23, 32, 63, and 71, and 24, 52, 63, 
and 81) for converting the rotation of the rotating barrel 
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into the movement of the groups of lenses in the optical- 
axis direction, the retracting-lens-barrel-assembly being 
characterized by including releasing mechanisms (23b and 
24d) for stopping the rotation/linear-movement conversion of 
the rotation/linear-movement conversion mechanisms and for 
releasing the groups of lenses from the rotation/linear- 
movement conversion mechanisms (23*, 32, 63, and 71, and 24, 
52, 63, and 81) in the retraction zone, and support members 
(13 and 40) for supporting the groups of lenses when the 
groups of lenses are released. 

[0005] Another aspect of the present invention recited in 
Claim 2 specifies a retracting-lens-barrel assembly provided 
with groups (31 and 51) of lenses movable in an optical-axis 
direction; a rotating barrel (20) rotatable about the 
optical axis; and rotation/linear-movement conversion 
mechanisms having cam pins (71 and 81) provided at the outer 
surface of the group of lenses and cam grooves (23a and 24c) 
for determining the positions of the groups of lenses in the 
optical-axis direction by means of the cam pins, the 
retracting-lens-barrel assembly being characterized by 
including releasing grooves (23b and 24d) for retraction, 
provided for the rotating barrel and connecting to the cam 
grooves outside the cam driving ranges of the cam grooves. 
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for releasing the cam pins from the engagement with the cam 
grooves; and support members (13 and 40) for supporting the 

groups of lenses when the cam pins are located at the 
releasing grooves. 

[0006] Still another aspect of the present invention 
recited in Claim 3 specifies a retracting-lens-barrel 
assembly described in Claim 2, characterized in that the 
groups of lenses include a middle group (31) of lenses and a 
rear group (51) of lenses adjacent to each other front and 
back, when the cam pins are located in the releasing grooves 
(23b and 24d) ; the support member for supporting, in the 
rear direction, the rear group of lenses in the optical-axis 
direction includes an energizing member (40) disposed 
between the middle group of lenses and the rear group of 
lenses and a linear-movement holding member for restricting 
the movementN of the rear lens to only movement in the 
optical-axis direction; and the support member for 
supporting the middle group of lenses includes the 
energizing member and a front-lens holding barrel (10) 
located in front of the middle lens in the optical-axis 
direction and driven backward in the optical-axis direction 
by the rotating barrel in a state in which the barrel is 
retracted. 
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[0007] 

[Embodiment of the Invention] An embodiment according to 
the present invention will be described below by referring 
to the drawings. Fig. 1 is a perspective view of the 
present embodiment. The structure of the present embodiment 
will be described below by using Fig. 1. A stationary 
barrel 90 is fixed to the camera body, and supports a 
linear-movement barrel 60, a middle barrel 20, and others at 
its inner surface. On the inner surface of the stationary 
barrel 90, linear-movement guide grooves 92 and 93 that 
linearly guide the linear-movement barrel 60 are provided in 
parallel to the optical axis. In addition, on the inner 
surface of the stationary barrel 90, a female helicoid 91 
that drives the middle barrel 20, described later, in the 
optical-axis direction is also provided. 

[0008] The linear-movement barrel 60 linearly guides a 
first-lens-group barrel 10, a second-lens-group barrel 30, 
and a third-lens-group barrel 50, is cylindrical, and is 
provided at its rear end with linear-movement guide sections 
64 and 65 that protrude in a radial direction with respect 
to the optical axis. The linear-movement barrel 60 is 
engaged with the linear-movement guide grooves 92 and 93 of 
the stationary barrel 90 through these guide sections, and 
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is thus linearly guided. In addition, the linear-movement 
barrel 60 has, on its inner surface, six guide grooves 63 
parallel to the optical axis and equally spaced in the 
circumferential direction. Further, the linear-movement 
barrel 60 has six elongated holes 62 parallel to the optical 
axis at almost the same positions as the guide grooves 63. 
The middle barrel 20 is mounted on the outer surface of the 
linear-movement barrel 60, is cylindrical, and rotates about 
the optical axis by means not shown in the figure. The 
middle barrel 20 is provided at the rear end of the outer 
surface with a male helicoid 21 that engages with the female 
helicoid 91. Therefore, when the middle barrel 20 is 
rotated, it moves backward and forward in the optical-axis 
direction by the two helicoids. In addition, the middle 
barrel 20 is provided at its inner surface with two groups 
of three cam grooves, each group being a different type, not 
shown in Fig. 1 (see Fig. 2) . One type of cam grooves is 
mainly for determining the zoom operation of the second- 
lens-group barrel 30. The other type of cam grooves is 
mainly for determining the zoom operation of the third-lens- 
group barrel 50. 

[0009] The first-lens-group barrel 10 holds a first group 
of lenses at its front end, and is disposed at the inner- 
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surface side of the middle barrel 20. The first-lens-group 
barrel 10 is provided at its rear end on the outer surface 
with a male helicoid 12 that engages with a female helicoid 
22 provided on the inner surface of the middle barrel 20. 
In addition, the first-lens-group barrel 10 has two 
protruding sections, not shown, on the inner surface. The 
protruding sections engage with two groove sections 66 
provided parallel to the optical axis on the outer surface 
of the linear-movement barrel 60. Therefore, the first- 
lens-group barrel 10 is linearly guided by the groove 
sections 66, and is driven in the optical-axis direction by 
the female helicoid 22 and the male helicoid 12 when the 
middle barrel 20 is rotated. Further, the first-lens-group 
barrel 10 is provided at its rear end with three pin 
supporting sections 13 equally spaced in the circumferential 
direction and three pin releasing sections 14 equally spaced 
in the circumferential direction. The pin supporting 
sections 13 are notches for applying force to the second- 
lens-group barrel 30 in the rear direction along the optical 
axis when they are engaged with follower pins 71 in a 
barrel-retraction state. The pin releasing sections 14 are 
notches used such that follower pins 81 do not directly 
contact the first-lens-group barrel 10 in the barrel- 



- 11 - 



# 



retraction state. 

[0010] The second- lens -group barrel 30 holds a second group 

31 of lenses, and is disposed at the inner-surface side of 
the linear-movement barrel 60 so as to be movable in the 
optical-axis direction. The second-lens-group barrel 30 is 
provided at its outer surface with three protruding sections 

32 that linearly guide the second-lens-group barrel 30 when 
the protruding sections 32 are engaged with guide grooves 63 
of the linear-movement barrel 60. The third-lens-group 
barrel 50 holds a third group 51 of lenses, and is disposed 
at the inner-surface side of the linear-movement barrel 60 
so as to be movable in the optical-axis direction, in the 
same way as the second-lens-group barrel 30. The second- 
lens-group barrel 30 is provided at its outer surface with 
three protruding sections 52 that are engaged with guide 
grooves 63 different from the guide grooves 63 engaged with 
the protruding sections 32. Therefore, the third-lens-group 
barrel 50 can move only in the optical-axis direction, in 
the same way as the second-lens-group barrel 30. A 
compression spring 40^ is disposed between the second-lens- 
group barrel 30 and the third-lens-group barrel 50, and 
pushes the second-lens-group barrel 30 forward and the 
third-lens-group barrel 50 backward in the optical-axis 
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direction. The compression spring 40 removes any looseness 
of the second- lens -group barrel 30 and the third-lens-group 
barrel 50 during the zoom operation in a state in which the 
barrels are in a normal imaging zone. 

[0011] The follower pins 71 are cam pins provided on the 
outer surface of the second-lens-group barrel 30. The 
follower pins 71 are cylindrical and each have a circular 
section larger than the width of the elongated holes 62 and 
smaller than insertion holes 61 provided at the front edge 
of the elongated holes 62. The follower pins 71 are 
installed in the second-lens-group barrel 30 through the 
insertion holes 61, and are arranged at the rear side of the 
insertion holes 61 in the optical-axis direction after 
installation. In this state, the circular sections are 
located at the inner-surface side of the linear-movement 
barrel 60, and the elongated holes 62 prevent the follower 
pins 71 from falling off the second-lens-group barrel 30. 
In addition, in this state, the tips of the follower pins 71 
are inserted into cam grooves of the middle barrel 20. 
Therefore, when the male helicoid 21 makes rotational 
movement, the second-lens-group barrel 30 moves backward and 
forward in the optical-axis direction in accordance with the 
shapes of the cam grooves. The follower pins 81 are cam 
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pins provided on the outer surface of the third-lens-group 
barrel 50. Since the shape and the installation method of 
the follower pins 81 are the same as those of the follower 
pins 11 r a description thereof is omitted. The tips of the 
follower pins 81 are also inserted into cam grooves provided 
on the inner surface of the middle barrel 20. As a result, 
the third-lens-group barrel 50 is driven by the middle 
barrel 20 in the optical-axis direction. 

[0012] Fig. 2 is a schematic view showing the shapes of cam 
grooves provided on the middle barrel 20. Fig. 2(A) is a 
partial, overlapping development view of the middle barrel 
20 and the first-lens-group barrel 10. Fig. 2(B) is a 
partial, overlapping development view of the middle barrel 
20 and the linear-movement barrel 60. In Fig. 2(A), the 
follower pins 71 and the follower pins 81 are inserted 
respectively into cam grooves 23 and 24. Each cam groove 23 
is formed of a cam driving groove 23a (corresponding to an 
area A in the figure) for driving the follower pin 71 in the 
optical-axis direction when the second-lens-group barrel 30 
is in an imaging zone, and a releasing groove 23b 
(corresponding to an area B in the figure) where the 
follower pin 71 rests when the second-lens-group barrel 30 
is in a retraction zone. In the same way, each cam groove 
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24 is formed of a cam driving groove 24c (corresponding to 
an area C in the figure) and a releasing groove 24d 

(corresponding to an area D in the figure) . The releasing 
grooves 23b (the releasing grooves 24d) are wider than the 
cam driving grooves 23a (the cam driving grooves 24c) . 

[0013] Fig. 3 is a sectional view of the present embodiment. 
Fig. 3(A) shows a state in which the optical system is in 
the imaging zone, and Fig. 3(B) shows a state in which the 
optical system is completely retracted. In the present 
embodiment, when, the middle barrel 20 is rotated in a normal 
imaging state, the f irst^lens-group barrel 10, the second- 
lens-group barrel 30, and the third-lens-group barrel 50 
perform a zoom operation in the optical-axis direction. 
More specifically/ when the middle barrel 20 is rotated 
counterclockwise when viewed from the rear side along the 
optical axis, the middle barrel 20 is moved forward from the 
stationary barrel 90 along the optical axis by the helicoid 
mechanism (91 and 21) . At the same time, the first-lens- 
group barrel 10 is also moved forward from the middle barrel 
20 along the optical axis by the helicoid mechanism (22 and 
12) . In this situation, the follower pins 71 (the follower 
pins 81) are located in the cam driving grooves 23a (the cam 
driving grooves 24c), and are moved forward along the 
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optical axis according to the shapes of the cam grooves. As 
a result^ the second-lens-group barrel 30 (the third-lens- 
group barrel 50) performs a zoom operation. When the middle 
barrel 20 is rotated clockwise, each group of lenses is 
moved backward along the optical axis by the mechanisms. 
More specifically, the first-lens-group barrel 10 is housed 
in the middle barrel 20, and the middle barrel 20 is housed 
in the stationary barrel 90. Since the follower pins 71 
(the follower pins 81) are moved to the right ends of the 
cam driving grooves 23a (the cam driving grooves 24c) in the 
figure, the second-lens-group barrel 30 (the third-lens- 
group barrel 50) is driven backward along the optical axis 
in the linear-movement barrel 60. 

[0014] When the follower pins 71 reach the right ends of 

( 

the cam driving grooves 23a in the figure, the rear end of 
the first-lens-group barrel 10 is also retracted to almost 
the same position as the follower pins 71, and the pin 
supporting sections 13 are engaged with the follower pins 71. 
When the middle barrel 20 is further rotated, the follower 
pins 71 are moved from the cam driving grooves 23a to the 
releasing grooves 23b to move the second-lens-group barrel 
30 into the retraction zone. ^ Since the releasing grooves 
23b have an extended width, the follower pins 71 can be 
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moved freely along the optical axis within the range 
corresponding to the groove width. In other words, the 
follower pins 71 are released from the restriction on 
position in the cam grooves along the optical axis. Since 
the compression spring 40 applies a forward force along the 
optical axis to the follower pins 71 through the second- 
lens-group barrel 30, the follower pins 71 are pressed along 
the optical axis against the front side faces of the pin 
supporting sections 13. Therefore, the follower pins 71 are 
moved along the optical axis according to the movement of 
the first-lens-group barrel 10 together with the pin 
supporting sections 13 in the retraction zone. As a result, 
the second-lens-group barrel 30 located in the retraction 
zone is driven backward along the optical axis by the first- 
lens-group barrel 10 and retracted. 

[0015] The compression spring 40 also applies a backward 
force along the optical axis to the follower pins 81 through 
the third-lens-group barrel 50. The follower pins 81 that 
have been moved along the optical axis to the releasing 
grooves 24d and released are pressed by this force against 
ends 67 of the elongated holes 62. As a result, the 
follower pins 81 are retracted together with the linear- 
movement barrel 60 until the third-lens-group barrel 50 
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reaches a receiving section 100. After this, the third- 
lens-group barrel 50 stops moving along the optical axis. 
To further retract the middle barrel 20 and other barrels, 
the follower pins 71 are moved forward in the optical-axis 
direction relative to the releasing grooves 24d (see the 
right ends of the cam grooves 24 in Fig. 2(A)). The 
receiving section 100 is provided for the camera body or at 
the rear end of the lens barrel in a fixed manner so that it 
is not moved in the optical-axis direction. When the lens 
barrels are completely retracted, the rear end of the first- 
lens-group barrel 10 reaches the vicinity of the receiving 
section 100, and therefore, the follower pins 81 are located 
inside the pin releasing sections 14 of the first-lens-group 
barrel 10, as shown in Fig. 2(A). 

[0016] As described above, in the present embodiment, the 
second-lens-group barrel 30 and the third-lens-group barrel 
50 are driven along the optical axis by the linear-movement/ 
rotation conversion mechanisms formed of the follower pins 
71 and the cam driving grooves 23a, and the follower pins 81 
and the cam driving grooves 24c to perform zoom operation in 
the normal imaging zone. On the other hand, in the 
retraction zone, the follower pins 71 and the follower pins 
81 are retracted to the releasing grooves 23b and the 
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releasing grooves 24d, respectively. The second- lens -group 
barrel 30 is supported and retracted backward along the 
optical axis by the first-lens-group barrel 10, and the 
third-lens-group barrel 50 is supported by the compression 
spring 40 and is retracted. 

[0017] As shown in Fig. 2, the paths traced by the follower 
pins 71 (81) include plural curves having small radii when 
the barrels are moved from the imaging zone to the 
retraction zone and when they are in the retraction zone. 
If the movement of the follower pins 71 (81) determined by 
the cam grooves 23 (the cam grooves 24) were to follow the 
complicated traces in this way over the entire length, high 
frictional resistance would occur between the follower pins 
71 (81) and the cam grooves 23 (the cam grooves 24) in such 
curves, thus preventing smooth retraction. In the present 
embodiment, however, the follower pins 71 (81) are released 
from engagement with the cam driving grooves 23a (the cam 
driving grooves 24c) and rest at the releasing grooves 23b 
(the releasing grooves 24b) when the barrels are moved from 
the imaging zone to the retraction zone . For this reason, 
the cause to apply excessive frictional resistance to the 
follower pins 71 (81) is eliminated, thus allowing smooth 
retraction. 
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[0018] Further, in the present embodiment, the cam grooves 
23 (the cam grooves 24) are not used to determine the 
movement of the follower pins 71 (81) related to the 
retraction, and design flexibility is thus increased for the 
cam grooves 23 (the cam grooves 24) in the retraction zone. 
As a result, mutual interference between the cam grooves can 
be easily avoided in the retraction zone. 
[0019] (Other embodiments) The present invention is not 
limited to the embodiment described above. The embodiment 
described above is merely an illustration, so that whatever 
embodiments having substantially the same technical idea as 
described, by the claims of the present invention and having 
similar advantages are included within the scope of the 
present invention. 

1) In the embodiment described above, the first-lens-group 
barrel 10 and the middle barrel 20 are driven by the 
helicpid mechanisms in the optical-axis direction. However, 
these barrels may be driven by a cam mechanism, lilce the 
second-lens-group barrel 30 and others. Similarly, the 
rotation/linear-movement conversion mechanisms that drive 
the second-lens-group barrel 30 and others in the optical- 
axis direction are not limited to cam mechanisms but may be 
helicoid mechanisms. 
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2) The embodiment described above illustrates the case in 
which the compression spring supports and drives the groups 
of lenses located in the retraction zone. However, any 
means that applies an appropriate force to the groups of 
lenses in the optical-axis direction may be used instead. 
Moreover, magnetic force, static electricity, or fluid 
pressure may be used to apply force. 
[0020] 

[Advantages of the Invention] As described above in detail, 
according to an aspect of the present invention recited in 
Claim 1, the groups of lenses are released from the 
rotation/linear-movement conversion of the rotation/linear- 
movement conversion mechanisms by the releasing mechanisms, 
and are supported by the support members in the retraction 
zone. Therefore, the retracting-lens-barrel assembly can 
conduct smooth retraction. According to aspects of the 
present invention recited in Claims 2 and 3, the cam pins 
are released from the engagement with the cam grooves in the 
releasing grooves, and the groups of lenses are supported by 
the support members in the retraction zone. Therefore, the 
retracting-lens-barrel assembly easily performs smooth 
retraction and has the cam grooves for which design is easy 
in the retraction zone. 
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[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a perspective view of an embodiment of 
the present invention . 

[Fig. 2] Fig. 2 is a schematic view showing the shapes of 
cam grooves provided for a middle barrel used in the present 
invention. 

[Fig. 3] Fig. 3 is a sectional view of the embodiment of 
the present invention. 

. [Description of symbols] 
10: First-lens-group barrel 

11: First lens group 

12: Male helicoid 

13: Pin supporting sections 

14: Pin releasing sections 

20: Middle barrel 

21: Male helicoid 

22: Female helicoid 

23: Cam grooves for second lens group 30 
23a: Cam driving grooves 
23b: Releasing grooves 

24: Cam grooves for third lens group 50 
24c: Cam driving grooves 
24d: Releasing grooves 
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30: Second-lens-group barrel 

31: Second lens group 

32 : Protruding sections 

40: Compression spring 

50: Third-lens-group barrel 

51: Third lens group 

52 : Protruding sections 

60: Linear-movement barrel 

61: Insertion holes 

62: Elongated holes 

63: Guide grooves 

64 : Linear-movement guide section 

65: Linear-movement guide section 

66: Groove sections 

67: Ends of the elongated holes 

71: Follower pins for second lens group 30 

81: Follower pins for third lens group 50 

90: Stationary barrel 

91: Female helicoid 

92: Linear-movement guide groove 

93 : Linear-movement guide groove 
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